ABSTRACT
INTRODUCTION
Fishing is an ancient occupation and it provides employment opportunity and economic benefit to large sections of the society. It is a major source of food and contributes about 20 percent of animal protein supply. About 70 % of the fish production is directly utilized for human consumption while the balance 30 % is reduced to fish meal and used in animal feed production. Millions of fishermen and their family members directly depend on fishing for their livelihood. Kerala is bestowed with the network of ephemeral, intermittent and perennial river systems harboring a rich and diversified fish fauna with many rare and endemic fish species. Inland fishing provides a means of livelihood to the poor fishermen and is an important contributor to the state's total fish production. Determination of the techniques for the capture of any fish from the wild depends largely on a close understanding of its behavioral pattern, ecological conditions of its living habitat and topography. Traditional fishermen developed many indigenous fishing gears based on the knowledge they acquired from the nature. Scientific works conducted on inland fishing gears are limited. But research endeavors on this field by Baranov [1] , Hornell [2] , John [3] , Kristjonsson [4, 5] , Saxena [6] , Hamuro [7] , Algaraja [8] , Nedlec [9] , Okawara [10] , Brandt [11] , Rajan [12] , Ramesan and Ramachandran [13, 14] and Anand [15] are worth mentioning. In the present study fishing appliances and techniques adopted by the local fishermen to capture fish resources from central Travancore of Kerala, India are discussed.
MATERIALS AND METHODS
Studies on the various fishing methods were carried out by extensive journeys and by direct observation of various local fishing methods. Details of different fishing methods were collected from various sites of Travancore of Kerala. Frequent visits were conducted on areas with peculiar fishing methods. Actual fishing methods were understood through direct observations of their operations.
Standard procedures were adopted for sampling the fishing villages, number of fishermen and their gears required for the study.
RESULTS AND DISCUSSION

Chemical poisons
Copper sulphate: Solution of copper sulphate (CuSO4) is widely used for catching medium sized fishes at almost all parts of Central Travancore. After 30-40 minutes fishes die or become unconscious and they are collected using scoop nets or by hand picking. Copper sulphate is applied before the operation of gill nets at many sites (Fig.1) . Due to the effect of this solution, fishes may lose their balance and they may be trapped in the mesh of the net. Many young ones of fishes are also killed by this practice.
Thotta: On many sites of central Travancore, fishes are paralyzed by underwater explosions or poisons, locally known as Thotta. It is applied in many mid land and high land regions. Fire is set to thotta, the fish dynamite ( Fig. 2) and thrown over the surface of the water body, where fishes are likely to be present. When the thotta falls over the water body, it explodes, creating great sound. Being frightened by the sound, small to medium sized fishes are paralyzed and appears on the water surface. In no time one or more persons dive towards the location and catch the fishes using scoop nets or by bare hands. This method of fishing is destructive as it indiscriminately kills a number of fries and fingerlings. Most often the effect of the poisons lasts for many hours and killed fishes appear on the water surface after many hours from the operation, sometimes far away from the place of fishing.
Plant poisons
Plant poisons are widely used at many sites of Central Travancore. Local people use this method of fishing owing to two reasons; firstly, trees, shrubs or herbs which can be used for this purpose are easily available at riparian areas. Secondly, fishes killed by these plant poisons are said to be harmless for human consumption. The whole plant, their shoots, leaves, fruits, bark and even roots are used as fish poisons at various locations.
Acacia torta: It is locally known as 'thodan valli'. It is a climber and locally available in many sites of Central Travancore. This plant is collected from the field, crushed in water and applied in the areas of river where fishes are likely to be present. About 4 kg of this climber is essential for poisoning an area. Within one hour fishes are paralyzed and they are collected using scoop nets.
Bamboo species: Bamboo is the most common riparian plant of the area. Bambusa bambos and B. vulgaris are the main bamboos growing on the sides of many water bodies of central Travancore and they are abundant from high level to low level regions. Local people collect the tender shoots of this shrub and crush it in water and apply on the water surface. The surf extracted from 40-50 tender shoots poison the fishes and they become unconscious. It is employed in areas where water is shallow during the summer months.
Zyzigium caryophyllaeum:
Syzygium caryophyllatum (Malayalam: Njaval Tree) are common in the riparian areas at the middle level regions. Bark of the main stem or branches of these trees are collected, squeezed and mixed in the stream. 4-6 kg of tree bark is used for a single operation. Fishermen wait for a while to see fishes appear on the surface. After an hour fishes become unconscious, lose their balance and starts to flow through the surface. Using scoop nets or by bare hands fishes are collected from the water body. This method is highly destructive as all fishes are killed including juveniles. At some areas, the bark of njaval and leaves of Kalkothi is mixed with ash and applied into water.
Euphorbia: Some species of Euphorbia are common at the riparian areas of central Travancore. Euphorbia plant ('thirukalli' in Malayalam) or its branches are collected, squeezed and spread in water bodies. The milky latex which exudes from the cut stems of Euphorbia is believed to contain a resin, an alkaloid, a glycoside and a dihydroxycoumarin. The sap of this plant is detrimental to fishes. 4-7 kg of plants are used for an operation.
Anamirta cocculus or Fish Berry:
These are seeds of a large, woody climber shrub, popularly known as nanju (malayalam). The kidney shaped seeds turn red when ripened. The seeds contain 2 alkaloids -Menispermine and Paramenisperme and the fat from the seeds contain Palmitic, Stearic, Oleic and Linoleic acids. The extract of this seed is extensively used as a fish poison and the powdered form is directly mixed in aquatic bodies to kill the fish. Almost all aquatic organisms of all ages are affected by this method. At some places nanju kuru, green chilly and copper sulphate crushed together and the mixture is thrown into the stream. After 20-30 minutes fishes become unconscious or die. These fishes are collected using scoop nets, local traps or by hand picking.
Green Chilly: The green chilly is crushed along with Copper sulphate and spread over the surface of water bodies. At least 1 kg of Chilly is required for a single operation. At some areas, green chilly is mixed with Nanju and applied. It is a highly detrimental method of fishing as whole fishes of a specific area are destroyed by this method.
Sapindus species: Fruits of Sapindus species such as Sapindus trifoliatus and S. mukorossi are widely used for killing riverine fishes. The fresh fruits are crushed to powder and mixed in water. Saponines are present in these fruits. Glucosides and terpenoids present in the fruits of the Sapindus plants are detrimental to fishes. Juveniles and adults of edible and weed fishes are killed by this method. 3-4 kg of fruits are essential for a single operation.
Nicotiana: Nicotiana, the tobacco, is cut into pieces and applied in the water bodies. 4-5 kg are required for a single operation. It is normally employed in summer season.
Hydnocarpus pentandra: Leaves and fruits of Hydnocarpus pentandra ('marotti'-in Malayalam) is crushed and mixed together and is applied in the water bodies. Fruits of this plant are more efficient for fish collection. It is employed in shallow areas during summer seasons. 4-5 kg of marotti fruits are essential for an operation. Fruits of Symplocos rosea and Narvelia zeylanica, seeds of Indian beechderris, Pongamia pinnata (Pongam'), roots of Swallowwort, Asclepias curassavica, bark of Acacia instia ('seenga', 'incha' in malayalam), Canthium rheedii and Connarus wightii are all used for the mass poisoning and killing of fishes.
Fish traps: Various types of traps (Fig.3 & Fig.4 ) are used at different areas of central Travancore. They are used to lure the fish which are allowed to get in but are prevented from escaping. Different types of traps with different shape, size and components are used at various areas. They are mainly employed at tributaries and distributaries of various rivers. Various types of traps are: Nadan koodu, Basket koodu, Common koodu, Kuruva koodu, Eerkil koodu, Iron koodu, Perumkoodu and Karimeen koodu. Nadan Koodu: During May and June months fishermen of Thiruvalla region constructs fish traps from locally available materials. For this purpose barks of cotton plants are taken and they are cut longitudinally into elongated narrow pieces, crushed and dried. A number of these types of cotton barks are tied together by elongated cut stems of Kadambu plant, a common creep found abundantly in the riparian areas. Tail region of it also tied together by stem of some other creepers. Mouth of the trap is made up of eerkil (the mid rib of the blade of the coconut leaf) or some other light sticks of plants. As it is a cheap fishing device, this type of koodu was very common in Venpala region. But it is a 'use and throw' type trap and in every year at the onset of monsoon season, this trap was constructed afresh.
Primitive trap is very uncommon now-a-days. Iron fish koodu: Medium sized iron fish traps are prevalent at some tributaries and main channels of Pamba, Achencovil and Manimala Rivers. Some of these are fully made up of iron rings and nettings. But some of these have 3 or 4 iron rings in the main body, covered by a iron netting of small mesh size. Its mouth region will always be wide and made up of iron rings; hind region is pointed. Anterior ¾ region is cylindrical and posterior ¼ parts is conical. Iron fish traps are too heavy that two or three men are required for setting this in water and only experts can operate it. It can be repeatedly used every year after repairing minor damages. Iron fish traps are employed at Chakrasala kadavu region of Kadalimangalam aar, a distributary of Manimala River and in main channel of the river at Kuttor.
Kuruva koodu: Is a specially designed koodu operated mainly for catching Systomus species. It is slender and much elongated than common koodu. Basic design of kuruva koodu is similar to common koodu. Even though it is known as Kuruva koodu ('kuruva' means Systomus species of fishes), other fishes such as catfishes and cichlids are also trapped.
Eerkil koodu:
It is a tentative koodu used at some high level regions of central Travancre. Thick and strong ribs (eerkil) of coconut leaves are used for making this simple type of trap. It is strengthened by 4 -5 iron or bamboo rings. All the 'eerkil's are tied together at the tail region. Mouth region is supported by a strong ring. It can be used only for one year.
Perumkoodu:It is the large and heavy fish trap made from locally available material and used in the rivers and its branches. It is made up of long and slender bamboo splits fastened in a manner to get the shape of a large cylinder. Bamboo splits or long pieces of areca nut palms are tied together by coir or iron rope so that the free movement of each piece is prevented and it gets a conical shape. Mouth region is similar to other traps. Two or three circular steel or iron rings are used to strengthen the trap which is then covered over by coir rope.
Two or three healthy men are essential for setting this trap in water. On the lateral sides of it large bamboo poles or other wooden logs are powerfully inserted in the soil bed of river to prevent the flowing away of the trap. For the same purpose two stout ropes will be attached to the two sides of the mouth region of the trap to any tree or other strong substrates. At many places a number of bamboo poles are pierced into river bed, forwards and outwards from the mouth region of the trap to direct the fishes into it and also to prevent the fishes from diverting out to other directions. Woven coconut leaves are set on the sides of the trap for the same purpose. Bottom region below the trap is also blocked using some substances. Perumkoodu is widely used at Madathumphagom near Thiruvalla.
Karimeen koodu: Karimeen koodu is a simple type of trap used in some parts of the river. It is very similar to a 'rat trap' used in the central parts of Kerala. It is a square or rectangular wooden box made up of many pieces of polished planks. Front part of the trap is closed by a 'door' which is also constructed from the same wooden pieces. It is having a length of 50-60 cm, breadth of 25 to 30 cm and height of 20-25 cm. On the hind part of the koodu, fish food items such as pieces of tapioca are hanged from an iron rod which is connected to a spring attached with the 'door'. When fishes try to take in the food particle, the door is closed and the fishes are trapped in.
Karimeen koodu is constructed out of good quality woods. (Fig. 5 & Fig.6 ):It is a semicircular or circular bag like net widely used at Pamba and Manimala Rivers and its various tributaries. It can be operated by a single man in all seasons of the year. It is of two types-spherical and hemispherical mada vala.
Mada vala
Spherical mada vala:
It is employed at Kuttoor and adjacent areas. It is used at areas where river is deep and bottom is uneven. It is a bag like net whose margin of mouth is supported by a single slender stem of 'thudali' plant. 2.5-3.0 meters long fresh twig of this plant is taken and its bark removed and bent in a circular shape and its two ends fastened together. A circular net with a conical bag like posterior end is attached on to this frame. It is used at Kuttoor and adjacent areas of Manimala River. Small spherical mada vala are widely employed in Kadalimangalam aar, a distributary of Manimala River.
Hemi spherical mada vala:
It is employed at areas where water is shallow and bottom is even. Its mouth region is semicircular; it consists of a stem of locally available plant or bamboo bent into a semispherical arch, both ends of which are connected by a plastic thread. To this frame a conical bag of net is attached. Total length of the net reach up to 6.5 feet, width of 3 to 4 feet and 3 to 4 feet height. Its width declines gradually from anterior to posterior end. Net is made of nylon monofilament of different twine sizes with 20-30 mm mesh size. Mada vala is termed as 'pidi vala' at Keezhvaipur and as 'pidikkal vala' at some high level regions. This stationary net is kept against current of water of moderate depth. When the fishes enter the net through the mouth region, a slight vibration is created on the edge of mouth of the net and it is perceived by the fisherman. Circular mada vala is suddenly lifted by hauling the long rope attached to lower edge of the mouth and thus closing the mouth of the net and the fishes collected from the tail region.
Electric fishing: Electric stickers (Fig. 7) are used for fishing at high level regions of central Travancore.
Fig. 7: Electric Sticker
Basic components of it consist of a generator, anode, cathode, a landing net and connections between generator and electrodes. A generator, the current producing component is generally located at the water edge or placed in the fishing vessel or carried on the back of fisherman. The negative electrode, cathode is kept close to generator or hauled behind the operator. Fisherman can operate the anode by wading through the water. The anode immobilizes the fish within its radius of action. Using a net or by hand picking immobilized fishes taken out.
CONCLUSION
The people belonging to the weaker section of the society are involved in fishing in water bodies of central Travancore. Only a few fishermen find fishing as a major profession. Some fishermen living by the river side at Prayikkara, Madathumpady, Manackachira, Kallumkal and Orumkal find it as a major occupation. They spread gill nets in the evening time and land it early in the morning. Persons employing caste net usually throw it in the morning or evening time. Many people living by the side of the river construct traps and nets and find time for fishing only during 'oothayilakam' at the onset of monsoon season. The main cause for the worry of the fishermen is the declining trend in the catch.
Some inland fishing practices are affecting adversely all types of fishes. Fishing with small meshed nets indiscriminately kills young ones of fishes. Traps and electric stickers are also causing the same problem. Chemical and plant poisons have detrimentally affected the fish population to a great extent. Large scale sand mining becomes a threat for the life of fishes of rivers and it will have direct implications on fish resources. It affects dwelling, moving, feeding, breeding and hatching habitat of the fishes. It also has destroyed the safe shelters of these vertebrates. Due to this, a number of fishes have decreased in number. Moreover the sandy platform for caste net fishing has turned to deep pools, due to which many fishermen dare not to throw nets.
The fundamental objective of responsible fishing is to maximize economic returns to the fishermen without affecting the long term sustainability of the fisheries resource and with minimum impact on the ecosystem. But most fishery resources are considered to be exploited at levels close to or beyond their sustainable limits. Urgent attention is required for the proper monitoring of the various activities associated with fishing in various water bodies of central Travancore. Indiscriminate fishing of brooders, juveniles and fingerlings had led to the reduction in fish stocks and disappearance of many rare species in the rivers. Mesh size regulation, banning on catching juveniles, observing closed seasons at least for two months (July & August) and discouraging the use of small meshed nets are some of the management norms suggested for the conservation of riverine resources [16, 17] .
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